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A MULTIVARIABLE REGRESSION ALGORITHM

by

George L. Blaisdell and Todd Carpenter

INTRODUCTION

It is commonly the case in data analysis that a set of experimental

data is best represented by an equation. The equation allows for conve-

nient interpolation between measured data points and provides a simple way

of referring to the data. Additionally, some mathematical manipulation of

data requires an equation form.

Many algorithms exist for fitting a smooth curve to a given tet of

data. It is generally true, however, that these algorithms are limited to

a single type of mathematic form. For instance, curve fitting routines for

polynomial, exponential and logarithmic functions are abundant. These

curve types may produce an adequate fit over a portion or perhaps all of

the experimental data. If no one type of mathematical relationship ade-

quately fits the data, one can resort to using the cubic-spline method for

interpolating data values, approximating the area integral over a specific

interval or determining the first derivative at a given point.

Since some, if not most, experimental data do not strictly fit the

standard mathematical relationships for which curve fitting routines exist,

in the past they were either roughly approximated or left as discrete

data. To overcome this difficulty, we have developed an algorithm to allow

curve fitting with a user-defined mathematical expression. This expression

may contain logarithmic, exponential, trigonometric and other mathematical

forms singly or combined. It is also able to handle up to 20 separate

independent variables. Using the least &quares method, the algorithm

determines the coefficients for each of the user-defined terms to

produce a best fit curve. Comparisons of the goodness-of-fit of various

mathematical expressions to the experimental data can be done graphizally

with plots or with a fit parameter generated by the algorithm.



A discussion of the theory and concepts used to develop the alJgorithm

and details of the computer coding are described in this report. Several

application examples are also illustrated.

THEORY

The least squares method of curve fitting is used by the algorithm to

generate a best fit curve. This method selects a fitted curve so as to

minimize the sum of the squares of the deviations of the given data points

from the curve. In the linear case (two variables--one independent, one

dependent) the form of curve to be fit is

y = a + b (1)

where

a and b = constants to be solved for

"x = independent variable

S.y depenadent variable.

Given a set of daca points, denoted by Yi (where i ranges frow one to n,

"the number of given data points), the deviation Di between the ca] -'ilated

and given values can be expressed

Di - Y (2)

where

Y=ax + b

A4 .
.. ,%! and x is the value of the independent variable at the gijea data potnt

Yi.

Continuing with the least squares method for the Linear case, and

using eq 2, we are given the &qired deviations by

2. 2
. , (a x b)] (4a)

The sut of the squared deviations, S, is then defined as

D n (4b)

".4AS

N .i=

,¶. ,4
4q



A goodness-of-fit parameter can be defined from this summation as an

average deviation, i.e., dividing S by n. To minimize the sum S, the

partial derivatives with respect to each constant (a and b for the linear

case) must be set equal to zero. This results in

n
= I - 2 xi [yi - (a xi + b)] = 0 (5a)

as ni= 7 [3b _- -2 i- xi + b)] =0. (5b)

I =l

By rearranging terms, eq 5a and 5b become
Sn ^ n n

Syi x a x + b x 0 (6a)

i=l i=1 i=1

nA n n
SYi a x, + b 1 0 .(6b)

Equations 6a and 6b represent a series of simultaneous equations that can

be solved for a and b. These constants can then be put into the equation

for the general form of the curve (eq 1) to yield a best fit curve for the

given Yi values.

To expand the least squares method to include more than just the

fit to a straight line, a general multivariable, multiform expression is

defined as

g z a, T, + a 2 T2 + ... + aN TN (7)

where

g = dependent variable

a, ... aN = constants to be solved for

T, ... TN = relational expressions of the independent

'1 variables

N = number of relational expressions.

Using eq 7 to determine the deviation to be summed and minimized yields

Ae2

D= [Yi - (a, Ti + a 2 T 2 i + + a+ TNi

AN 2

( y1  a~ T~ (8a)
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where Tji is the jth relational expression of the general equation

(eq 7) evaluated at the ith set of known values of the independent

variables. The sum to be minimized can then be defined as

n A N 2
S [= I Y- I ajr ] T (8b)

i=l j=aTb

Taking partial derivatives with respect to constants ak gives

n N
as = -2 Tk [yi - X a T (9)

i=1 j ji=1

where k varies between I and N. Minimizing eq 8b by setting eq 9 equal. to

zero and simplifying gives

n N
Tk, -:y aj TO i 0 (10)

i=1 i I i j=1 i

where k 1,2,3 ... N. Equation 9 represents the general form of the

partial derivative with respect to one of the constants in the regression

equation (eq 7). To obtain the set of simultaneous equations for solving

the constants ak, eq 10 is written specifically for k equal to I to N.

This gives N equations and N unknowns and can be solved using the Gaussian

elimination method with backward substitution and maximal column pivoting.

Before applying this method, however, some algebraic simplification is

advantageous. We can define a constant C by

Ck n

k k, Yi "
i=l

Then using eq 10, w9 can further define Ck by

N n N

SCk~ = aj y TkiTji aj Akj (12)

J=1 i=1 j=i

which produces a series of simultaneous equations.

Although laborious, the Gaussian elimination methud with maximal

column pivoting is reliable and can be easily programmed, and it can be

easily evaluated by a computer. Coding ior the least squares method is

contained in program REGRES (Appendix A).

4



PROGRAMMING

The multiform, multivariable algorithm was converted to programming

code for an HP 9845B minicomputer (user manuals referenced in Appendix B).

The algorithm is readfly adaptable to any computing system with an

interpreter; however, graphics and matrix manipulation capabilities should

be available.

For convenience, the algorithm has been broken into five parts that

are each separately programmed (Appendix A). The first program, AUTOST,

provides for data input (either from keyboard entry or reading from a data

file already generated by this set of programs) and access to the other

programs (REGRES, PLOTS, EDIT, LIST). Program REGRES performs the actual

regression on the user-defined equation. PLOTS provides a graphical output

for the data points and a curve or series of curves of the calculated

equation. The EDIT program is a data editor that allows additions,

deletions or changes in the input data. Program LIST provides a hard copy

listing of the input data.

Up to 20 subfiles can k• defined at the time of data input. It is

important that the data be organized in these subfiles in a logical manner

(i.e. holding all yariables -tonstant except one). All operations contained

in the five programs can be applied to the complete data set or any

combination of subfiles desired.

Autostart program

AUTOST is an observation definition program that also provides access

to the other programs in the cet. All keyboard input of data--including

subfiles, subfile names and all observations--can be stored on the

assigned mass storage device in a user-defined filename that does not

already exist. This data file can be called during future program runs to

avoid repeated keyboard entry. Special function keys KO-K6 are defined by

this program by accessing the previously defined and stored key file K1

(file K1 should always exist on the assigned mass storage device). Special

function key definitions are as follows:

KO - stops data input into the current subfile and allows data to

be put into the subsequent subfile if desired.

KI - calls ri regression equation program (REGRES) and performs

the regression.

5



4'•,'I 1K2 - calls the PLOTS program which plots the most recently calcu-

V ~ lated regression with the current data.

K3 - calls the EDIT program where the current data may be modi-

fied by adding, deleting or changing observations and add" .

subfiles.

fr ~1K4 - stores the current data under a user-defined filename

(provided that filename does not already exist).

K5 - callsz the LIST program which lists all the data or certain

subfiles on the inf;ernal printer.

K6 - stops the program.

Key KO is only valid during keyboard entry of data and keys KI - K6 are

only active when the prompt "select KI-K6" appears on the screen. An error

message will result if the keys are pressed at any other time.

An outline oF the program flow for AUTOST is as follows:

1. The user is asked if the special function key definition prompts

should be suppressed. If yes, go to step 3 ("Y" or "YES", CONT); if no, go

to step 2.

2. The following list is output on the iiternal pr-inter:

K0 = Stop data input for current subtiLe

K1( Regression

K2 = Plots

r.•i K3 = Edit

(K4 Store

" =List

-K6 Quit.

3. The program asks if stored data are being used. If yes, go to

step 11; if no, go to step 4.

4. Enter the number of variables for tne data that are to be input

from the keyboard.

5. Enter the name of the subfile that the data are to be stored under

(must be no more than five characters long).

this,6. Input the data for all variables in the current observation. If

this is the first observation of the subfile, all variables must be

included and separated by commas. After data entry for the first observa-

tion is complete, an echo of the data will be printed on the screen.

iullowing entry of the first observation, the user may indicate repeated

6



values of any variable with a "+" sign (all variables must still be sepa-

rated by commas). It is important that all variables be satisfied for each
observation, whether it is a repeated value or zero. Dependent and inde-

pendent variables are not differentiated at this point but will be identi-

fied later in REGRES.

7. If all data entry for the current subfile is complete, press KO

and go to step 8; if not, repeat 6tep 6.

8. The program requests a new subfile. If more subfiles need to be

entered (answer "yes" to the prompt), go to step 5; if no, go to step 9.

9. If :he data are not to be stored, answer "no" to the "data

stored?" prompt and go to step 12. If the data are to be stored, answer

"yes" and go to step 10.

10. The program requests a filename (one that does not already exist)

and then stores the data. Go to step 12.

11. Enter the filename under which the data were previously stored by

this program.

12. Select key KI-K6 to access the other programs.

Regression program

The REGRES program performs a least-squares regression on the data

defined by AUTOST with a multiform, multivariable equation of up to 20
.:Z1terms that is supplied by the user. Each term is input as a character

st-ring (up to 70 characters long) and is defined by the matrix notation

X(A,n), where A indicates the observation number and n denotes the number

of the independent or dependent variables. For example, a regression on

the data in Table 1 may be desired using the form

3 2
yan(x) +bx + cx 2 z + d (13)

where

y = dependent variable
, It x and z = independent variables

N ln(x) = first regression term

x3 = second regression term
7 x2z third regression term

and a,b,c and d are regression constants and the fourth regression term is 1.

7



Under the format required by REGRES, eq 13 would appear as

x(A,2) = a * LOG (x(A,1)) + b * x(A,1) ** 3

+ c * x(A,1) ** 2 * x(A,3) + d (14)

where the variables x, y and z are being denoted by the numbers 1, 2 and 3,

respectively, in the matrix notation.

To ease the input of laborious equations, an option to define

intermediate constants for the regression equation was made available.

Such constants, called user-defined terms, are input as a complete program

line so it is important that proper syntax is used. User-defined terms are

advantageous when the regression equation contains repeatable sections. In

the example above, one could simplify the equation by creating a

user-defined term

N1 = x(A, 1)

and restructing the regression eq (eq 13) as

x(A,2) = a * LOG(N1) + b * Ni ** 3

+ * NI ** 2 * x(A,3) + d. (15)

Clearly, this example does not show much improvement, but user-defined

terms can also be used with any pr(,rammable statements.

The user is restricted in the variable names that can be used to avoid

"nterfering with existing variables. To be safe, NI, N2, N3, etc., are

recommended variable names.

The program flow for RECRES can be summarized as follows (characters

in brackets indicate correct responses for the example above):

1. If this is not the first time REGRES has been run since power was

turned on, go to step 9; otherwise, go to step 2.

2. The program asks if the user wants to define any user-defined

terms. If not, go to step 5 [N]; otherwise, go to 3.

3. Enter the number of user-defined terms.

4. Enter each user-defined term as a complete expression within

double quotes.

5. Enter the number of terms in this regression [4].

6. Enter the numerical index of the dependent variable [2].

7. Enter, one term at a time, the terms of the regression equation

within double quotes:

8



["LOG (X(A,1)"I (then press continue)

[" X(A,I) ** 3"]

[" X(A,I) ** 2 * X(A,3)"]

[11 or ["X(A,I) ** 0"].

8. If a program or data file named BUFFER already exists on the

assigned mass storage medium, its name must be changed or it will be

deleted by the REGRES program. Go to step 16.

9. Since REGRES has been run before, the program still has the pre-

vious equation defined. It now asks if the previous equation is to be used

again. If yes, go to step 18; if no, go to step 10.

10. The program asks if any of the previous user-defined terms are to

be retained. If not go to step 13; otherwise, go to step 11.

11. Enter the number of user-defined terms to be retained and their

numerical indicies.

12. Enter any additional user-defined terms.

13. The program asks if any of the terms of the previous regression

equation are to be retained. If not, go to step 15; if yes, go to step 14.

14. Enter the number of terms to be retained and their numerical

indicies.

15. Enter the terms necessary to complete the regression equation, as

in step 7.

16. The program now asks if all the subfiles are to be used in the

regression. If yes, go to step 18; if not, go to step 17.

17. Enter the number of subfiles and the subfile numbers wanted for

the regression.

18. Following display of the equation and the solved constants, the

program asks if the user wants a plot of the data and the regression. If

no, the program branches to step 12 of AUTOST; if yes, the program branches

to program PLOTS.

Plots program

For aid in determining the goodness-of-fit of the regression, a plot

of the experimental and calculated data can be produced with the PLOTS

program. The program will plot the dependent variable defined in REGRES

against any of the other variables. Two plotting options are available to

attempt to clearly display the relationships of several variables on one

9



Table 1. Exampleý data for multivariable regression (values are
for variable y [n=2]).

z(n=3)
x (n=l) 1 2 3 4 5 6 7 8 9 10

1 58 62 65 69 73 76 80 83 37 91
2 90 104 119 133 147 162 176 191 205 219
3 157 190 222 255 287 319 352 394 417 449
4 277 334 392 449 507 565 622 680 737 795
5 463 553 643 733 823 913 1003 1093 1133 1273
6 731 860 990 1119 1249 1379 1508 1639 1767 1897
7 1096 1272 1448 1625 1801 1978 2154 2330 2507 2683
8 1573 1803 2034 2264 2494 2725 2955 3186 3416 3646
9 2177 2469 2760 3052 3343 3635 3927 4218 4510 4801

10 2924 3284 3644 4004 4364 4724 5084 5444 5804 6164

graph. To illustrate these, the data from Table I are used. All o. the

x,y combinations are shown plotted in Figure 1. The first plotting option

displays the dependent variable on the ordinate with one of the independent

variables on the abscissa and a line representing a constant value of a

second independent variable as calculated by the regression program (Fig.

2). The second type of display plots the data points with the dependent

variable on the ordinate and the chosen independent variable on the

abscissa. It also plots the calculated value from the regression using all

of the variables (Fig. 3).

6500

5850

5200

4550

3900

-- 3250

2600 • ,

1950 * *

1300 I *

650

x

Figure I. Data from Table 1, x and y only.
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>- 3250 //
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1300
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Figure 2. Program PLOTS output for example data
of Tabl. 1 (for z = 5); the ordinate displays the
dependent variable (y), the abscissa displays an

independent variable (x) and the plotted curve
represents a constant value of a second independ-
ent variable (z 5).

6500 0 - CALCULRTEO

* - DATA5850

5200

4550

3900

>- 3250 '1,

2600 ,I,

1950

1300 0

650

- C •J 0 1 , I" *° p C.O C- '. 7 ,

0M

Figure 3. Program PLOTS output for example data
of Table 1 (for z = 5); the ordinate displays the
dependent variable (y), the abscissa displays an
independent variable (x); the *'s represent actual
data points and the o's plot calculated points
(from the regression) using all of the independent
variables.

'Cl



The flow of program PLOTS follows:

1. Define the independent varaiable for the abscissa with its index

number.

2. If all subfiles are to be plotted, go to step 4.

3. Enter the number of subfiles and the specific subfile numbers

that are to be used in plotting.

4. The program displays the maximum and minimum values of the vari-

able chosen for the plot axes. The user is asked to enter the limits for

the axes' scaling.

5. Enter the label for the abscissa (independent variable) and the

ordinate (dependent variable).

6. To plot, holding all variables constant except one (the

independent variable chosen in step 1), go to step 11.

7. The program plots each data point (*) and the calculated points

from the regression program (0) for each data point using all variables.

8. The program asks if a hard copy is desired, if not it branches to

step 10.

9. A hard copy is printed with the regression equation and a

goodness-of-fit parameter (a fit parameter of 0 is a perfect fit). If a

different plot is wanted, go to step 1.

10. If another regression is desired, the program branches to step I

of program REGRES. If no additional regressions are desired, the program

branches to step 12 of AUTOST.

11. The program requests entry of a constant value for all variables

except the one identified in step 1.

12. The plot is displayed. If another curve is desired, go to step

13; if not, go to step 8.

13. The program requests the number of variables to be changed, which

ones (identified by their numerical index) and their new values. Go to

step 12.

Edit and list programs
Program EDIT allows the user to change the values of observations, add

and delete observaLions, and add complete subfiles to the existing files.

All editing features include either subfile or absolute addressing.

Absolute addressing numbers all observations sequentially from the first

12



observation of the first subfile to the last observation of the last

subfile. Subfile addressing renumbers all observations in each subfile

.1l such that the first observation of each subfile is referenced as the first

observation. The EDIT program offers menu-type edit feature selection.

The delete feature first lists the values of all variables of the

observation referenced and offers an escape by asking if it should be

deleted.

The LIST program provides a hard copy listing of some or all sub-

files. It prints the subfile name at the top of each subfile and refer-

ences all observation numbers using subfile addressing.

ALGORITHM APPLICATION

In the study of snow mechanics, one of the common techniques used to

classify snow compressibility is the plate-sinkage test. A circular or

rectangular plate driven by a hydraulic or manual ram compacts a volume of

snow, changing its original density to critical density (approximately

3.12xiO 5 lb/ft 3). At the critical density, the volume of snow is reduced

very little or not at all. Increased pressure from the plate results in

constant-volume flow or movement of the snow away from the plate.

fMeasurements taken during a plate-sinkage test include the force on

the plate and an indication of the amount of sinkage or vertical compaction

experienced between the beginning of the test (zero force) and each force

reading. From the force-sinkage data, the compaction energy can be deter-

mined by integration between the zero-sinkage and critical sinkage (sinkage

at which critical density is reached) limits. This integration can be

performed numerically to yield acceptable results. Integration of the

curve or comparison of the nature of the compaction relationship between

various snows, however, is accomplished best with a mathematical represen-

tation. Using the multivariable algorithm, we can determine the

mathematical relationship between force and sinkage.

Given the force versus sinkage data in Table 2, a best-fit mathemati-

cal expression is desired. Since we know that the curve is somewhat

*: exponential in nature, the first regression equation form used in REGRES is

F=a z (16)

which gives a, = 0.01347 and from PLOTS shows a rather poor fit (Fig. 4).

The second equation type attempted is a 4th order polynomial and it results

13



Table 2. Typical force versus sinkage data
for a plate-sinkage test in snow.

Force (ib) Sinkage (in.)

0 0
10 0.5
15 1.0

15 1.5
20 2.0
25 2.5

35 3.0
45 3.5
50 4.0

70 4.5
90 5.0

115 5.5

150 6.0
170 6.5
200 7.0

240 7.5
275 8.0
320 8.5

355 9.0
400 9.5
460 10.0

535 10.5
610 11.0
830 11.5

in the coefficients and fit shown in Figure 5. This is a much better

approximation to the data, however, near the upper and lower ends of the

data the polynomial shows an increasingly poor fit. (This is a common

behavior for polynomial curve fitting.) Recognizing that the exponential

example showed a horizontal curve near the low sinkage values and became

steeper at the high sinkage values, we next attempt a combination of

exponential and polynomial forms. The equation used by REGRES for this

trial is

2 3 4 z
F = al + a2z + a 3 z + a 4 z + a 5 z + a 6 ez. (17)

14
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Performing the regression with eo 17 and the data in Tahte 2, we obtain an

excellent --it (Fig. 6). Another form of combining the polynomial and

exponential fits is shown in Figure 7 where

e' (a + a az z4
=e (a 1 +- a 2 z a3z + a4Z3 + asz1 ) + a 5  . (18)

This also results in a good curve fit and comparison of the goodness-of-fit

parameter is necessary to determine that eq Ig more closely approximates

the data.

Typical heat transfer problems demonstrate the multivariable power of

this regression algorithm. A case in point involves the placement of flat

heat flux sensors on a curved surface, such as a pipe. Heat flux sensors

(HFS) are thin wafers of a material with known thermal conductivity.

Thermocouples are attached to each flat side of the wafer. The output from

the HFS is a voltage that is proportional to the heat flux through the

sensor. The flat, inflexible HFS is attached to the pipe by an epoxy. The

epoxy, in addition to securing the sensor to the pipe, fills in the void

16
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space between the flat HFS and the curved pipe. This attachment alters the

factory calibration for thermal conductivity, which is for application on a

flat surface. Using experimental data froni an insulated pipe section with

a HFS attached, we can determined a new calibration for thermal conduc-

tivity by relating the heat flux out of the pipe to the sensor voltage

output. This calibration relation can easily be represented by a smooth

curve. Different insulation thicknesses generate a series -f curves.

Additionally, with different pipe insulation thermal conductivities, pages
of these series of curves are generated. Likewise, with different glues

for attaching the sensor, volumes of pages of series of curves are

required. It soon becomes apparent that a mathematical relation is

necessary to calibrate the heat flux out of the pipe with the HFS reading,

the type of glue, the type and thickness of the insulation, and the

diameter of the pipe.

The first step in fitting an equation to these data is to break the

data into subfiles where only one variable is changing. This isolates the

17



effect each variable has on the heat flux out of the pipe and the heat flux

through the sensor. Starting with the basic equation for heat flux out of

the pipe

Ki 0s

in -(r

where

Ki = insulation thermal conductivity

>p = heat flux out of pipe

.. = heat flux through sensor

rp = radius of the pipe

ti = thickness of instilation,

we determine the effect of each variable on the heat flux. Alt the terms
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of these equations can then be included in a final regressiun on all the

"subfiles. The final form of the best fit equation is

aK i ýs dK 1/3
S+ b K + cKi+ d +

lii n pr ýs ýs

+ f K + g r t + h K r t + + j (20)
Ss p s pb r ti

where Ke is the epoxy thermal conductivity and Ks is the sensor thermal

conductivity. -The constants a-j and a plot of the calculated and raw data

are shown in Figure -. This figure appears cluttered because all the

subfiles of data were plotted. This can be avoided by either expanding the

scale to look at discrete sections of the data or plotting one subfile at a
itime.

CONICLUSION

The multivariable, multiform regression algorithm presented can be

seen to be a useful alternative to single form regressions. The. algorithm

allows data that do not fit one of the standard equation forms (polynomial,

exponential, etc.) to be mathematically characterized by a best-fit curve,

This allows the data to be easily integrated and differentiated and

provides an accurate interpolating equation. An equation representation of
the data also provides a method of comparing the variable relationshipsbetween separate sets of data.

Specific application of the algorithm is shown for snow compaction

with a plate-sinkage device. The results can be used for predicting

vehicle motion resistance when the vehicle is operating in snow. The

algorithm is also applied to the problem of heat flow around a pipe.

Measured heat flow data can be fit with a regression equation and a

comparison of actual and analyctionsofuthons completed.
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APPENDIX A: ALGORITHM CODING.

10 REM -- > PROGRAM AUTOST
20 ! STARTER PROGRAM FOR MULTI-VARIABLE REGRESSION.
30 PRINT PAGE,Tr.B(13);CHR$(129);"USER INSTRUCTIONS FOR MULTI-VAPIABLE FEGFEiS
ION:";CHRS(128)
40 PRINT LIN(2);"This program is the starter program for a set of five progra

50 PRINT "that can petrform a series regression of a user-aefi ned equat ion ,it
h
60 PRINT "up to 500 observations and 20 variables per observation."
70 PRINT LIN(1);"The data is input from the terminal and can later be .Etorid
for future use."
80 PRINT "All data is broken into subfiles that can be any length so long as
the 500
90 PRINT "observation maximum is not exceeded. Up to 20 subfiles can be -spec
i f i ed,"
100 PRINT "and any regression or plotting function can be performed with an" c

4.,. ombinat Ion"
110 PRINT "of these subfiles."
120 PRINT LIN(1);"Any variable can be assigned the dependent variable by de.i=g
nat i ng"
1ZO PRINT "the index number of the variable desired, therefore all variables a
re treated"
140 PRINT "the same. Plots can be made with any variable as th-- independent v
areable"
150 PRINT "except the dependent variable. The dependent variable can not appe
ar in the"
160 PRINT "rsgression equation."
170 DISP "PRESS 'CONTI TO CONTINUE."
180 PAUSE
190 PRINT PAGE,TAB(30);CHR$(132);"PROGRAM OPTIONS";CHR$ 128)
200 PRINT LIlC(2);"The following programs and options ar., avafiiabie:"
210 PRINT LIN(1),TABS5);"1) Keyboard data input with tkatfile definition, or re
ad data from"
220 PRINT TAB(8);"a previously stored data file."
230 PRINT LIN(1),TAB(5);"2) Regression of user defined series eqo'sti)n such as

Y=a*X^3+b*ln(X)+c"
240 PRINT TAB(8);"where a,b,and c are the constants that the program solveS.'
250 PRINT LIN(I),TAB<5);"3) Plot the regression equation with a data scatter, p
lot to show correlation"
260 PRINT LIN(1),TAB(5);"4) Data editing including observation change:, additi
ons, and deletions with"
"270 PRINT TRB(S);"subfile additions and data file merging."
280 PRINT LIH(1),TAB(5);"5) Store the current data in a user-defined filename.

"a' 290 PRINT LIII(1),TRB(5);"6) List all the data or only selected _ubfiles..
300 DISP "PRESS 'CONTI TO CONTINUE."L 313 PAUSE
320 PRINT PAGE, TAB(22V;CHR$(132);"DEFINIlTIONIS OF USER-DEFINED E;N* 2'9 330 PRINT LIN(2),TAB5);"The user-defined keys KO-X6 are used to quid 1. ace-340 PRINT "Progr, TB(i);Hns•.1c2s;sdE duing inputEtE sEnd ipt'
s the various"li: .:f340 PRINT "program option.s. KO is used during data. input to -,.•-pr',d lnp,.,t ,,:

the current"
350 PRINT "subfile. It is used only after all data has been recorded into the

% current
360 PRINT "subfile. The opt ion of' adding a -ubfile i s hen made a,,alable , f
tpr which"
370 PRINT 'all data is put into the new subfile."
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380 PRINT LIN(1), THBE5.'.; "The keys Ki-K6 access the other prograrn opt10ns-, and
should be used
390 PRINT "only when the prompt SELECT KI-K6 appe ars. The p1,:'t cpt t-i n ho'.j1
d not be"
400 PRINT "used before a regression has been performed since it doe-s not hal,,
an
410 PRINT "equation to perform."
420 PRINT LIN()I,TAB(5);"The option of getting a hard copy reminder of wh•at th
ese keys do"
430 PRINT "is now available, you can suppress the prompts if so desired."
440 OPTION BASE I
450 DIM A$<20)[12JB$(20)C[12
460 CON X(500,20>,V$(20)(160),Nsub$(20dIOJ,Ab, 0,21), INTEGER Dep,Subf,20',,su
b,Nobs,Nu, Nt, MS(2)t[ 150], Term
470 INPUT "SUPRESS KEY PROMPTS?",S$
480 GOSUB Check
490 IF Check=1 THEN 470
500 IF UPC$(S$[1,I])="Y" THEN 590
510 PRINTER IS 0
520 PRINT LIN(2),"KO = STOP DATA INPUT FOR CURRENT SUBFILE."
530 PRINT "Ki = REGRESSION."
540 PRINT "K2 = PLOT."
550 PRINT "K3 = EDIT."
551 PRINT "1K4 = STORE."
570 PRINT "K5 = LIST580 PRINT "K6 = QUIT"
590 PRINTER IS 16
600 GCLEAR
610 EXIT GRAPHICS
620 LOAD KEY "KI:TI5"
.630 PRINT PAGE
640 INPUT "ARE YOU USING STORED DATA?",S$

650 GOSUB Check
660 IF Check=l THEN 640
670 IF UPC$<S$t1,1J)="N" THEN 770
680 ON ERROR GOTO Badfile
690 INPUT "FILE NAME`)",Filnm$
700 ASSIGN #1 TO Filnm$
710 OFF ERROR
720 PRINT PAGE
730 READ #I;Nv,Nobs,Nsub
740 REDIM X(Nobs,Nv),Subf(Nsub+I),Nlsub$(Nsab)
750 READ #I;Nsub$(*),Subt<*),X(*)
760 GOTO 1360
770 INPUT "NUMBER OF VARIABLES? .\= 20.",Nv
771 REDIM X(500,Nv)
780 IMAGE #,2X,4A,2D790 Nsum=O

800 IMArE #,IX,7A
810 IMAGE #,IX,5D.4D
820 Nobs=Subf(1)=0
830 Nsub=6
840 Nsub=Nsub+ I

850 DISP "NAME OF SUBFILE #";Nsub;" = ''4
860 INPUT " (<5 CHARACTERS)",NsubS(N=ub.
870 PRINT CHR$(27)&"m"

880 PRINT PAGE,TAB(3O); " SUBFILE - ";Nsub$(Nsub'
890 PRINT "OBS#"
900 FOR B=1 TO Nv
910 PRINT USING 780;"VAR#";B
920 NEXT B
930 PRINT
940 PRINT CHR$(27)&"l"
950 REDIM R$(Nv.,B$(Nv)
960 Bcount=O
970 Nobs=Nobs+1

980 Bcount=Bcount+1
990 DISP "INPUT ALL VARIABLES FOR OBSERVATION #";Bc,:ount;" '+' = REPE
RT"AT

22



1000 MAT INPUT A$
1010 IF Bcount<>1 THEN 1050
1020 FOR C=1 TO Nv
1030 BS(C)=R$(C)
1040 NEXT C
1050 PRINT
1060 PRINT LIN(2);Bcount
1070 FOR C=1 TO Nv
1080 IF A$(C)0"+" THEN 1140
1090 GOTO 1170
1100 X(Nobs,C)=VRL(B$(C))
1110 A$(C)=B$(C)
1120 PRINT USING 810;X(Nobs,C)

1130 GOTO 1170
1140 IF A$(C)="+" THEN 1170
1150 X(Nobs,C)=VAL(R$(C))
1160 PRINT USING 810;X(Nobs,C>
1170 B$(C)=A$(C)
1180 NEXT C
1190 GOTO 970

1200 Subfi:INPUT "ANOTHER SUBFILE?",S$
1210 GOSUB Check
1220 IF Check=l THEN Subfi
1230 Nobs=Nobs-1
1240 Subf(Nsub+l)=Nobs
1250 PRINT CHR(27)&"rm",PRGE
1260 IF UPC$(S$(,I])=1"Y" THEN 840
1270 INPUT "STORE DATA7",S$
1280 IF UPC$(SStl,1D)="H" THEN 1360
1290 Phyrec=(Nohs*20*12/256+Nsubj*2/256+2)*3/2
1300 REDIM A$(Nv), B$(lv),Nsub$(Nsub•,SubC(Nlsub+1), X(Nobs,Nlv)
1310 INPUT "FILE NAME?",FiInm$
1320 CREATE FiinrnSPhyrec
1330 ASSIGN #1 TO FilnmS
1340 PRINT #1;NvNobs,Nsub
1350 PRINT #1;Nsub$(*),SubC(*),X(*)
1360 Restart: Flaggg=O
1361 ON KEY #1 GOTO 1450
1370 ON KEY #2 GOTO 1470
1380 ON KEY #3 COTO 1490

A 1390 ON KEY #4 GOTO 1290
1400 ON KEY #5 GOTO 1510
1410 ON KEY #6 GOTO 1440
1420 DISP "SELECT K1-K6"
1421 Flaggg=Flaggg+l
1430 GOTO 1430
1440 END
1450 DISP "GOING TO REGRESSION PROGRAIM."
1460 LOAD "REGRES:TIS"

' 1470 IF Flaggg>l THEN GOTO 1479
1471 DISP "PLOTS CAN ONLY BE ACCESSED AFTER REGRESSION HAS BEEI1 RUN"
1472 WAIT 6000
1473 DISP "SELECT KI-K6"
1474 GOTO 1430
1479 DISP "GOING TO PLOTTING PROGRAM."
1480 LOAD "PLOTS:TIS"
1490 DISP "GOING TO EDIT PROGRAM."
1500 LOAD "EDIT:T15"
1510 DISP "GOING TO LISTING PROGRAM."
1520 LORD "LIST:T15"
1530 Theck: Check=0

- 1540 PRINT PAGE
1550 IF (UPCS(SSC1,I]J="Y",j OR (UPC$(S$1, iJ)="tN' THEN 1590

",.1 1560 Check=l
1570 BEEP
1580 PRINT PAGE;"*** IMPROPER RESPONSE - TRY AGAIN ***"

1590 RETURN
1600 1 CHECKS FILENAME
1610 Badfile: BEEP
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1620 IF ERRN<>56 THEN 1650
1630 PRINT PAGE;"4** FILE NAME DOES NOT EXIST ***"
1640 GOTO 690
1650 DISP ERRM$
1660 GOTO 1440

10 REM -- > PROGRAM REGRES
20 OPTION BASE 1
30 COM X(500,20),V$(20>[160],14sub$(20>[IO]3,Abý20,21), I TEGER Bep,Subf.2 HsIu
b,llobs,Nv,Nt,M$(20)[1503,Term
32 REDIM X(Nobs,Nv)
40 DIM
(150]

50 INTEGER User(20)
60 MAT Rb=ZER
70 SlcT=l
so Kterm=O
90 DISP
100 Last=H=Nt
110 IF V$(1)="" THEN 370

!•!120 Last=N=Ht

140 INPUT "USE StME EQUOTION?",SS
150 GOSUB Check
160 IF Check=M THEN 140

170 IF UPCt(S$El,)1="Y" THEN 23401
140 INPUT "DO YOU WANT TO KEEP N",Y OF THE TERMS OF THE EQUSTION$",$
190 GOSUB Check
200 IF Check=l THEN 180

210 IF UPC$(S$SI,1J)="N" THEN 670
220 INPUT "HOW MANY TERMS DO YOU WANT TO KEEP " ",Knt
230 IF (Knt>O) AND (Knz<=20) AND (FRACT(Knt)=O THEN 270
240 BEEP
250 PRINT PAGE;"*** IMPROPER NUMBER OF TERMS ***"

260 GOTO 220
270 PRINT PAGE
280 FOR A=1 TO Knt

S290 INPUT "TERM #?",Keep(A)
300 IF (Keep(A)>O) AND (Keep(AR<=20) AND 'FRACT(Keepk'j'=O THEN `40
"310 BEEP
320 PRINT PAGE;"*** IMPROPER TERM NUMBER ***"

330 GOTO 290
340 PRINT PAGE
350 NEXT A
360 GOTO 670
370 PRINT PAGE,TABk25;CHRS(129);"NOTES ON REGRESSION PROGRAM";CHRI -I:
380 PRINT LINk2,,TABt5';"The regression program txake an equation deIt-Ed b
he user such as:"
390 PRINT LIN(1);;" Y=a*XA3+b*X*lntZ)+c"
400 PRINT LIN(lD;"and solves for a,band c based on the best fit to the :urern
t data."
410 PRINT LINO1),TAB(5);"The relational epressions are the input term.s :f 'he
regression equat ion. "

' 420 PRINT "Once you have input the regression equation, you can perform thi
430 PRINT "regression on any combination of subfiles to find the relation itn o
SItne
440 PRINT "particular subfile. Later, even after a plot has been perforet, ,
ouc an '"

450 PRINT "repeat the same regression wi, hout the need of ret 'ping the r- 1,
Ion equation"
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460 PRINT "or the user defined terms. So you can perform the rejression or, on

ly a few"
470 PRINT "subfiles the first time, and later perform the regres21on on the ''h

ole data set."
480 PRINT "Also, you can pick and choose which regresA--ion terms and which u,•s-r"

Sdfi dfined "
490 PRINT "terms you wish to keep, so remember the order in which you input th
e terms to "
500 PRINT "capitalize on this feature."
510 DISP "PRESS 'CONT' TO CONTINUE."
520 PAUSE
530 PRINT PAGE,TAB(20);CHR$(129);"HOW TO INPUT USER DEFINED TERMlS";CHRSr i:S.

Ai 540 PRINT LIN(2),TAB(5);"User defined terms are relational expre-siona th)at

complement the "
550 PRINT "regression equation by defining constants that can be '-. ,d it, tl,- -
quation."
560 PRINT "These terms are independent equations tha. must have proper s.-r• a
and any"

"570 PRINT "variable names can be used except A,B, and any variable in corfrcn.
User definea
580 PRINT "terms are placed, in order, before the regression equations and ale
evaluated"

590 PRINT "for every point in the data set. It is important that the -,n a c,
fC any user"
600 PRINT "input terms is correct. If, for any reason, the program geis los't"
610 PRINT "(i.e. the screen is blank, and the tape drive is not workling' f':, a
n extended"
620 PRINT "length of time, stop the program, and start over. The problem ,as
due to "
6.30 PRINT "improper syntax of the input equations."
640 PRINT LIN(1), TAB(5);"User defined terms can also be used with any prograr'a
ble f unc t i on"
650 PRINT "such as PRINT or RAD to display any intermediate results or te•r,prrt
rily set the"
660 PRINT "computer into a desired computational mode."
670 IF MS(1)="" THEN 880
680 INPUT "DO YOU WANT TO KEEP ANY OF THE USER DEFINED TERMS"'",S
690 GOSUB Check
700 IF Check=1 THEN 680
710 IF UPCS(S$[1,1D)="N" THEN 880
720 INPUT "HOW MANY USER DEFINED TERMS DO YOU WANT TO KEEP"",Kterm

730 IF (Kterm>0) AND (Kterm<20) AND (FRACT(Kterm=O) THEN 770
740 BEEP
750 PRINT PAGE;"-+** IMPROPER NUMBER OF USER DEFINED TERMS ***"
760 GOTO 720
770 PRINT PAGE
780 FOR A=1 TO Kterm
790 INPUT "KEEP USER DEFINED #",User(AR
S00 IF (UsPr(A)>0) AND (User(AR<=20) AND tFRACTkUser(.A',=O' THEN S40
810 BEEP
820 PRINT PAGE;"*** IMPROPER USER DEFINED TERM NUMBER *4."

830 GOTO 790
840 PRINT PAGE
850 N$(User(A)>=M$(UserAR,)
860 NEXT A
870 GOTO 930
880 INPUT "DO YOU WANT ANY USER DEFINED TERMS>",S$
890 GOSUB Check
900 IF Check=1 THEN 880
910 Term=g
920 IF UPC$(S$[1,I)="tN" THEN 1140
930 INPUT "HOW MANY USER DEFINED TERMS"',Term
940 IF (Term>0. AND (Term<=20) AND (FRACT%Term)=O THEN 980
950 PRINT PAGE;"*** IMPROPER NUMBER OF USER DEFINED TERMS *4*"

960 BEEP
970 GOTO 930
980 PRINT PAGE
990 FOR R=1 TO Term
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1000 F1 ag=O
1010 FOR B=1 TO Kterm
1020 IF User(B)=A THEN Flag=I
1030 NEXT B
1040 IF Flag<>1 THEN 1078
1050 N$(R)M=$(A)
1060 GOTO 1090
1070 DISP "INPUT USER DEFINED TERM #";A;" Ill QUOTES; 15O charact-err r.ua 1'..'r.,

s' "k;l 1080 INPUT "",N$(A)
1090 Test$=N$(R)
1100 GOSUB Parenth
1110 IF Ptest=1 THEN 1070
1120 M$(A)=N$(A)
1130 NEXT A
1140 PRINT PRGE,TAB(13,';CHRX(129);"PROCEDURE FOR THE INPUT OF THE REGRESSIOQ EQ

.41 UATION";CHR$(128)
1150 PRINT LIN(4);CHR$(I32);'FOR THE EQUATION 'X(A,3S=I*X(A,2) 2 + J.',1
K"';CHRS(128)
1160 PRINT LIN(1);" X(A,3) = THE DEPENDENT VRPIABLE. IN THIS CASE THE THIRPD V
ARIABLE."
1170 PRINT LIN(1);" I4X(R,2)A2 = THE FIRST TERM OF THE EQUATION FOR WHICH I

IS TO BE SOLVED."
1180 PRINT " (Input "X(RA,)'2" as the first term within double quotes.'"
1190 PRINT LIN(1);" J*X(A,1) = THE SECOND TERM FOR WHICH J IS TO BE SOLVED."
1200 PRXNT LINQI);" K = THE THIRD TERM WHICH IS A CONSTANT WITHOUT A VARIABLE

1210 PRINT " (Input 'I' to represent this term.)"
1220 PRINT LIN(1);"Regression terms are a maxi mum of 70 characters in length."
1230 Start:INPUT "HOW MANY TERMS ARE THERE IN THE PEGRESSIONl?",Nt
1240 IF (Nt)0) AND (Nt<=20) AND (FRACT(Nt>=O) THEIN 1280
1250 BEEP
1260 PRINT PAGE;,"*** IMPROPER NUMBER OF TERMS **-"

1270 GOTO Start
1280 PRINT PAGE
1290 REDIM Ab(N4t,Nt+l)
1300 PRINT
1310 Last =N=Nt
1330 INPUT "INPUT THE INDEX OF THE DEPENDENT VARIABLE. ,e.g. I the fcr 1st •arl

ble)",Dep
1340 IF (Dep>O) AND (Deps.=Nv) AND (FRRCT(Dep)=O) THEN 1380
1350 BEEP
1360 PRINT PAGE;"**** IMPROPER VARIABLE NUMBER ***"

1378 GOTO 1330

4. • 1380 PRINT PAGE
"1390 V$(Nt+1)='X(A,"&VAL$(Dep4")""1400 FOR A=1 TO Nt

"<'A 1410 Flag=O
1420 FOR B=1 TO Knt
1430 IF A=Keep(B) THEN Flag=l

S1440 N1EXT B

1450 IF Flag=l THEN 1590L 1460 DISP "INPUT TERM #";A;" (e.g. X(A,I" within quotes'";
1470 INPUT .... ,V$(A)
1480 Test$=V$(A)
1490 GOSUB Parenth
1500 IF Ptest=1 THEN 1460
1510 St=POS(V$(A),V$(Nt+1))

1520 IF St=O THEN 1590
1530 PRINT USING "+,K";VI'FD;" IS NOT VALID SINCE THE DEPENDENT VARIABLE I:

1540 BEEP
1550 DISP "PRESS CONT TO CONTINUE"
1560 PAUSE
1570 PRINT USING "+,K";"

1580 GOTO 1460

"'A> 1590 NEXT A
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1600 PRINT
*1610 ON ERROR GOTO 1630

1628 GOTO 1688

1630 IF ERRN<>54 THEN 1668
1640 PURGE "BUFFER:T1S"1
1650 GOTO 1680
1660 PRINT ERRM$
1670 PAUSE

444,31680 CREATE "BUFFER:T1S", (Nt*(Nz+Nlv+Ternl+3)+5)*80/256+1
1690 ASSIGN "BUFFER:T15" TO #1
1700 PRINT #1;"50 Builder:!"
1710 PRINT #i;"51 FOR B=1 TO Fx"
1720 Ln=50
1730 PRINT #1;VAL$(51+Ln)&" FOR A=Subf'(S1(B))+1 TO Subf~(Sl(B)+1)"
1740 LrwLn+1 OTr

A ~1750 AO 81TOer
1760 PRINT #1;VAL$(51+Ln)&" "3&N$ (A)
1770 LninLn+1
1780 PolinPOS(N$(A),"X(A,")
1790 IF PolinG THEN Poend
1800 Po2inPol+POS(N$(A)(Po1),")")
1810 N$(A)EPo1,Po2-l3="Sl ("&N$<A)tPo1+4,Po2-2)&')"
1820 GOTO 1780
1830 Poend: NEXT A
1840 FOR A=1 TO Nt
1850 FOR Dm1 TO Nt+1
1860 St$=VAL$(51+LnflO'1 Ab( "&VAL$S(A)& "ý,VAL$BM& ""~ft'b'"vVALt kA)..,'V

1870 LnmLn+1
1880 PRINT #i;Sts

4'.1890 NEXT B
1900 NEXT A
1910 PRINT #1;VAL$(51+Ln)&"1 NEXT A"l

4.,.1920 PRINT #1;VAL$(52+Ln)&" NEXT BA

1930 PRINT #1;VAL$(53+Ln)&" GOTO 5500 1
1940 LnmLn+3
1950 FOR Dm1 TO Nv
1960 FOR B=1 TO Nt
1970 StWm" FxmFx+A&V$(B)&"*Ab("&VAL$(B)&A,"&VALUktt+1)&A,"
1980 Stl$mSt$

bt1990 Strt=POS(StIS,"X(A,"&VAL$(D))
2000 IF Strt=0 THEN 2040

2010 Nd=POS(StI$CStrtJ,")")
2020 StlSCStrt,Strt+Nd-1)m"Va~r"

'A2030 GOTO 1990
Ac2040 FOR C=i TO Nv

2050 Str=POS(St1$,"X(A,"$&VAL$(C))
2060 IF StrinG THEN 2100
2070 En=P0S(St1$CStr3,"1)"6

42090 GOTO 2050
2100 NEXT C
2110 IF B<>1 THEN 2240
2120 PRINT #1;VALS<51+Ln)&" A"-&VALS(D)&"': Fx=O"
2130 LnmLn+1
2140 FOR Ed=I TO Term

42150 Pr$=N$(Ed)
2160 Po1=POS(Pr$,"Sl("&VAL$(D))
2170 IF Po1=G THEN 2210
2180 Po2inPol+POS(Pr$CPolJ,")'½
2190 Pr$CPol,Po2Jm"Var"

V2200 GOTO 2160
% 2210 PRINT #1;VALS(51+Ln)&" "&Pr$

2220 LninLn+1
X \2230 NEXT Ed
'12240 PRINT #1;VAL$(51+Ln)&" "&Stl$

2250 Ln=Ln+1
2260 NEXT B
2270 PRINT #1;VAL$(51+Ln)&A GOTO 5500"1
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bid
2280 Ln=Ln+l
2290 Stl$=St$
2300 NEXT D

2310 PRINT #I;"5500 SUBEND"
2320 ASSIGN #1 TO *
2330 OFF ERROR
2340 LINK "BUFFER:T15",3450,2350
2350 PRINT PAGE
2360 INPUT "DO YOU WANT TO DO THE REGRESSION ON ALL SUBFILES1",S$
2370 GOSUB Check
2380 IF Check=l THEN 2360
2390 IF UPC$(S$1,1J)="Y" THEN 2560
2400 INPUT "HOW MANY SUEFILES DO YOU WANT INCLUDED IN THE REGRESSION?",Fx
2410 IF (Fx>O) AND (Fx<=Nsub) AND (FRRCT<Fx)=O) THEN 2460
2420 DISP "*** WARNING - NUMBER OF SUBFILES EXCEEDED ***"

2430 BEEP
2440 WAIT 2000
2450 GOTO 2400
2460 FOR R=l TO Fx
2470 DISP "INPUT SUBFILE #";A;" FOR THE REGRESSION.";
2480 INPUT "",SI(A)
2490 IF (Sl(A)>0) AND (Sl(A)<=Nsub) AND (FRRCT(Sl(A))=O) THEN 2530
2500 BEEP
2510 PRINT PAGE;"*** IMPROPER SUBFILE NUMBER ***"

ý-N 2520 GOTO 2470

2530 PRINT PAGE
2540 NEXT A
2541 PRINT PAGE,LIN(8),TAB(25):PHRS((19.;"REGRESSION IN PROGRESS":CHPR$u28>
2550 GOTO 2610EU 2560 FOR P=1 TO Nsub
2570 S1(R)=R
2580 NEXT A
2590 PRINT PAGE,LIN(8),TABR25);CHR$(129;"REGRESSION IN PROGRESS";CHR, 128S
2600 Fx=Nsub
2610 CALL Build(Slct,Var,FxSl(*),N$(*))II 2620 1 SIMULTANEOUS EQUATION PROGRAM OF Nth ORDER.
2630 FOR Mat=l TO N-i
2640 First=Mat
2650 Large=First
2660 FOR Test=First+l TO Last

2670 IF Rb(Test,First)>Ab(Large,First) THEN Large=Teit
2680 NEXT Test
2690 IF Large=First THEN GOTO 2750
2700 FOR Switch=First TO Last+1
2710 Save=Ab<First,Switch)
2720 Ab(First,Switclh)=Ab(Large,Switch)
2730 Ab(Large,Suitch)=Save
2740 NEXT Switch
2750 FOR Diag=First+1 TO Last
2760 Ratio=Rb(Dl g,First)/Rb(First,First)
2770 FOR Zero=First TO Last+1
2780 Rb(Diag,Zero)=Ab(DiagZero'-Ratio*Ab(First,Zero)
2790 NEXT Zero
2800 NEXT Diag
2810 NEXT Mat

2820 FOR Solve=Last TO I STEP -1
2830 Ab(Solve,Last+l)=AbcSolve,Last+l)/Ab(Solve,Solve)
2840 IF Solve=l THEN GOTO 2890
2850 FOR Solv=Solve-I TO I STEP -1
2860 Ab(Solv,Solve.=Ab(Solve,Last+l)*Ab(Solv,Solve)
2870 Ab(Solv,Last+l)=Ab(Solv,Last+l)-AbýSolv,Solve,

2880 NEXT Solv
2890 NEXT Solve
2900 PRINT PAGE
2910 PRINT LIN(3)

2920 PRINT USING "#,K";"Fx=a*";V$(1)
2930 FOR A=2 TO Nt
2940 PRINT USING "#,K";"+";CHR$(96+w';"*";V$(A,
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2958 NEXT A
2960 PRINT
2978 FOR A=1 TO Nt
2980 PRINT TAB(3);CHR$(96+Al);"=";Ab('ANt±1)
2990 NEXT A
3888 FOR A1l TO Term
3010 PRINT LIH(1);M$(A)
3028 NEXT A
3821 BEEP
3822 WAIT 1888

i.'. ' ~3823 BEEP
3838 INPUT "DO YOU WANT A PLOT?"-,S$
2848 GOSUB Check
3858 IF Check=1 THEN 3838
3868 IF UPC$(S$E1,1fl="1Y" THEN LOAD "PLOTS:T15"1
3878 PRINT PAGE
30888 DISP "RETURNING TO MAIN PROGRAM"
3898 LOAD "AUTOST:T1S",Restart
3188 !I:3118 ! PARENTHESIS CHECKING ROUTINE
3128 Parenth: Pzestin0
3138 LetcutRgt~on=osP=
3148 Po=PUS(Test$,")
3158 IF Po=O THEN Leftpas
3168 Test$CPo,PoW="*"
3170 Left count=Left count+1
3188 GOTO-3148
3198 Leftpas2 Poss=POS(TestS,")")
3288 IF Poss8O THEN Rightpas
3218 Test$CPoss, Possj&'*"
3228 Right count=Right count+1
3238 GOTO Leftpas
3248 Rightpas: IF Left count=Right cutTEJRTR
3250 Ptestl1_on 

HNRTR

3260 IF Left count>Right con HNDS etcutR h on;"XES~r A
RENTHES IS" -_on HNDS E-

3270 IF Left count<Right count THEN DISP Righit couint-Left counit; "EXýCESS P:GHT P
ARENTHES IS"
3280 BEEP

43298 WAIT 38080
3308 RETURN
3318
3320 ! CHECKS YES AND NO RESPONSES
3330 Check: Check=0
3340 PRINT PAGE
3358 IF (UPC$(SSt1,1D)="1Y") OR (UPC$(S$tl,1J)u"N"1 THEN RETURN
3360 Checkl1
3378 BEEP
3388 PRINT PAGE;"*** IMPROPER RESPON4SE - TRY AGAIN."

'13398 RETURN
34800

*3410 SUB Build(Slct,Var,Fx,S1(*),N$(*D)
3429~ OPTION BASE 1
3438 CON X(*),V$(*),Nsub$(*¾,Ab(*¾ IN4TEGER Dep,Subf(*',Nsub,Nobs,Nv,Ntt
3440 ON4 Sict GOTO Builder,A1,A2,A3,A4,A5,A6,A7,A8,A9,A1O,A11,AI2,A13,A14.A13.A1
6,A17,A18,A19,A28
3458 Builder:!

.1418 REM --> PROGRAM LIST
28 OPTION BASE I
30 COM X(588,28),V$(2041I60J,Nsu~b$(2OC(1OJ,Ab'20,21l,INTEGER Dep.Sutftk ,Oi

bNobs, Nv, Nt ,M$( 20)t158 , Term
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32 REDIM X(Nobs,Nv)
40 DIM Sub(20)
50 INPUT "DO YOU WANT ALL SUBFILES LISTED?",SS
60 IF (UPC$(S$[1,1)="Y") OR (UPC$(S$C1,1)="N") THEN 91
70 BEEP
80 PRINT PAGE;"*** IMPROPER RESPONSE - TRY AGAIN *-"
90 COTO 50
91 INPUT "DO YOU WANT A HARD COPY (H) OR A CRT DISPLAY 'C)-".TS
92 IF (UPC$(T$t1,1)="H") OR (UPC$(T$11,1I)="C"'t THEN 96
93 BEEP
94 PRINT PAGE;" *** IMPROPER RESPONCE, PLEASE TRY AGAIN •-•"

95 GOTO 9196 IF UPC$(T$(1,1J)="C" THEN 101

97 PRINTER IS 0
101 PRINT PAGE
1i0 IF UPC(S$tI,1])="Y" THEN 280
120 INPUT "HOW MANY SUBFILES DO YOU WANT LISTEDW".Ns3
130 IF (Nss>O) AND (Nss,=llsub) AND (FRRCT(Nss)=O) THEN 170
140 BEEP
150 PRINT PAGE;"*** IMPROPER NUMBER OF SUBFILES *-"

160 GOTO 120
170 PRINT PAGE
180 FOR Rut TO Nss
190 DISP "INPUT SUBFILE #";A;
20C, INPUT "",Sub(A)
210 IF (Sub(A)>0) AND (Sub(A)<=Nsub) AND (FRACTkSubkA>)=O, THEN 250
220 BEEP
230 PRINT PAGE;"*** IMPROPER SUBFILE NUMBER **,"

240 GOTO 190
250 PRINT PAGE
260 NEXT A
270 GOTO 320
280 FOR RAt TO Nsub
290 Sub(A)=A
300 NEXT A
310 Nss=Nsub
340 FOR RAt TO Nss
341 PRINT LIN(3)
350 PRINT LIN(1);'°SUBFILE: ",NsubkA)
360 PRINT LIN(1)
370 Jj=O
380 FOR I=1 TO Nv
390 Jj=Jj+1
400 IF JJ<=5 THEN GOTO 430
410 J j=
420 PRINT USING 460

Ž 430 PRINT USING 450;"VAR#"ZVRL$(Ii)
440 NEXT Ii

½ 450 IMAGE #,YX,6A

460 IMAGE /
470 PRINT USING 460
480 PRINT " OBS #"

-!si 490 Obs=O
500 FOR B=SubC(Sub(A))+1 TO Subf(Sub(A)+lb
510 Obs=Obs+l
520 PRINT LIN(1)
"530 PRINT Obs
540 JJ=0
550 FOR I=i TO Mv

.4560 Jj=Jj~1570 IF Jj<=5 THEN GOTO 600

580 JJ=1
590 PRINT USING 460
600 PRINT USING 680;X(B,lI.
610 NEXT Ii
620 NEXT B
630 NEXT A
631 PRINT LIN(2)

3.0].:-.'.r30
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640 PRINTER IS 16
650 PAUSE
660 DISP "RETURNING TO MAIN PROGRAM"

670 LOAD "RUTOST:T15",Restart
680 IMAGE #,5X,SD.4D
690 IMAGE IOX

10 REM -- > PROGRAM PLOTS
20 OPTION BASE I
30 COM X(500,20),V$<20)(160J,Nsub$<(20)IO],Ab(20,21% INTEGER Dep,Subf(2O',,13_u

b,NMobs,Nv,Nt, M$(20)[150],Terr
32 REDIM X(Nobs,Nv)
40 DIM Gxmxx(20),Gxmnx(20),Gymxx(20),Gymnx(20),Slh2O¾,EqE5OO],Xla$[160],V'la$
(160)
60 INTEGER Nfile(20)
70 PRINT PAGE,TAB(25);CHR$(129);"UOTES ON PLOTTING:'";CHRS(128)
30 PRINT LIN(2),TAB(5);"This program will plot the data and the regreslion fu
nction using any"
90 PRINT "variable as the independent variable except the dependent variakie.

100 PRINT LIN(1),TAB(5>;"The function can be plotted u-ing a line and setting
all variables"
110 PRINT "to a constant except the independent and dependent vartable-. MvIl'
iple lines"
120 PRINT "can be drawn in this manner with the option of changing any of the
Aconstants.,"
130 PRINT "Another option is to plot corresponding data points that in•er'-. al
I variables"
140 PRINT "from each data point into the eq'cation."
150 PRINT LIN(1),TAB(5);"Any combination of subfiles can be plott•ed."
160 LINK "BUFFER:TI5",2340,170
170 GCLEAR
180 EXIT GRAPHICS
190 DEG
200 INPUT "INDEPENDENT VARIABLE?",Ind
210 IF Ind(>Dep THEN 240
220 PRINT PRGE,LIN(7);"THAT IS THE DEPENDENT VARIABLE."
221 GOTO 200
230 GOTO 200
240 PRINT PAGE

250 INPUT "PLOT THE COMPLETE DATA SET"",S$
260 GOSUB Check

270 IF Check=1 THEN 250
280 IF UPC$(S$tI,1J)="N" THEN 380
290 Sbsts=Nsub
300 MAT SEARCH X(*,Ind),MIN;Xmn
310 MAT SEARCH X(*,Ind),MIRX;Xmx
320 MAT SEARCH X(*,Dep),MIN;Ymn
330 MAT SEARCH X(*,Dep),MRX;Ymx
340 FOR R=I TO Nsub
350 Nfile(A)=A
360 NEXT A
370 GOTO 650
380 INPUT "HOW MANY SUB FILES?".Sbsts

, 390 IF (Sbsts>O) AND (Sbsts<=Nsub) AND (FRACT(Sbsts)=O. THEN 430
400 PRINT PAGE;"*** IMPROPER NUMBER OF SUBFILES ***"
410 BEEP
420 GOTO 380
430 PRINT PAGE
440 REDIM Gxmnx.Sbsts),Gxmxx(Sbsts¾,Gymnx(Sbsts),GymxA(Sbsts)

450 FOR A=1 TO Sbsts
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S60 INPUT "NUMBER OF SUBFILE?",Nfile(A)
470 IF (NI'ile(AflO) AND (Nfile(A,<Ntsub) AND (FRACT(Nlfile(A' 0) THEI 510

, 480 BEEP
>•.,' 1490 PRINT PAGE;"**-* IMPROPER SUBFILE NUMBER **"

500 GOTO 460
510 PRINT PAGE
520 Gxnnx(A)=Gxrmxx(R)=X(Subf(Nfile(R))+,Irnd)
530 Gymnx(A)=Gymxx(A)=X(Subf(Nfi le(A))+1,Dep)
540 FOR B=Subf'(Nfile(A))+l TO Subf(Nfile(A)+l)
550 IF X(B,Ind)>Gxmxx(A) THEN Gxmxx(A)--X(BBInd)
560 IF X(B,Ind)<Gxmnx(A) THEN Gxmnx(A)=X(B,Ind>
570 IF X(B,Dep)>Gymxx(A) THEN Gyrxx(A)=X(B,Dep)
580 IF X(B,Dep)<Gynrx(A) THEN Gymnx(A)=X(B,Dep)
590 NEXT B

, 600 NEXT A
. 610 MAT SEARCH Gxrnxx,MAX;Xmx

620 MAT SEARCH Gxmnx,MIN;Xmr,
630 MAT SEARCH Gymxx,MARX;Ymx
640 MAT SEARCH Gynmnx,MIN;Ymn

650 PRINT PAGE;"X-MIN = ";DROUND(Xmn,3);" XMAX = ";DROUND(:,,x.,3

660 PRINT LIN(2);"Y-MIN = ";DROUND(Yrnn,3);" YNAX = ";DROUND' Yu ,3,
670 INPUT "INPUT GRAPH LIMITS FOR X-MIN AND X-NAX.",Gxmn,Gxrnx
680 INPUT "INPUT GRAPH LIMITS FOR Y-MIN AND Y-NAX. ",Gynn,Gvamx
690 PRINT PAGE1 700 LIMIT 0,184.47,0,149.8
710 LOCATE 15,120,15,95
720 CSIZE 3.38
"730 SCALE Gxmn,Gxmx,Gymn,Gyrmx
740 FRAME
750 DISP "HANG ON A MINUTE"
760 Xtic=(Gxmx-Gxrn)/'10
770 Ytic=(Gyax-Gyun)'"10

}.•j 780 AXES Xtic, Yt, c ,Gxuin,Gymn

790 LORG 8
$00 LDIR 90
S 1O FOR R=Gxmn TO Gxmx STEP Xti c

820 MOVE A,Gymn
830 LABEL DROUND(A,3)

i•!"840 NEXT A

850 INPUT "X-AXIS LABEL",Xlas
860 DISP "HANG ON A MINUTE"

.•870 LDIR 0.
.S 880 FOR A=Gymn TO Gymx STEP Yxic

890 MOVE Gxmn,A!• 900 LABEL DROUND(R,3;'

910 NEXT A
1 920 LORG 6

-. ••"•930 M'OVE (Gxmx+Gxmn>1/2,Gymn-(Gymx-Gy~mn),8

940 LABEL Xla$
950 INPUT "Y-AXIS LABEL",Yla$S~960 MOVE Gxmn-(Gxmix-Gxmn)/..,I, <Gymx+Gyin),/2

970 LORG 4
980 LDIR 90
990 LABEL Yla$

1000 LORG 5
• 1010 INPUT "DO YOU WANT AN EOUATION LIHECIj OR CORRESPONDING DATA POINT.O"

1020 IF (S=0) OR ($=I) THEN 1060
1030 BEEP
1040 PRINT PAGE;"*** IMPROPER RESPONSE - TRY AGAIN **r"
1050 GOTO 1010

% 1060 PRINT PAGE
4'. 1070 Slct=Ind+l

1080 IF S=0 THEN 1430
1090 Pas=o
1100 IF Pass<Ž0 THEN 1120
1110 GOTO 1370
1120 INPUT "DO YOU WANT THE SAME PARAMETERS"",;.

1130 GOSUB Check
- 1140 IF Check=l THEN 1120
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1150 IF UPC$(S$[1,1])="Y" THEN 1430
1160 INPUT "HOW MANY PARAMETERS DO YOU W4ANT TO CHANGE?",S
1170 IF (9>0) AND (S<=Nv) AND (FRACT(S)0=) THEN 1210
1180 PRINT PAGE;"*** IMPROPER NUMBER OF PARAMETERS *"

1190 BEEP
1200 GOTO 1160
1210 PRINT PAGE
1220 FOR A=l TO S
1230 INPUT "WHAT VARIABLE NUMBER?",Vnn
1240 IF (Vnn>0) AND (Vnn<=Nv) AND (FRACT(Vnn)=O) THEN 1280
1250 BEEP
1260 PRINT PAGE;"*,* IMPROPER VARIABLE NUMBER *'*"

1270 GOTO 1230
1280 PRINT PAGE
1290 IF (Vnn<>Dap) AND (Vnn<>Ind> THEN 1320
1300 PRINT PAGE,LIN(7);"THAT IS EITHER THE INDEPENDENT OR THE DEPENDENT VAPI
ABLE."
1310 GOTO 1230
1320 PRINT PAGE
1330 DISP "WHAT VALUE DO YOU WANT FOR VPRIABLE #";Vnn;
1340 INPUT "",SI(Vnn)
1350 NEXT A
1360 GOTO 1420
1370 FOR Ra1 TO tNv
1380 IF (A=Ind) OR (A=Dep) THEN 1410
1390 DISP "WHAT VALUE DO YOU WANT FOR VARI-BLE #";A;
1400 INPUT "",S1(A)
1410 NEXT A
1420 Pass=l
1430 GRAPHICS
1440 Variance=Nbcount=O
1450 FOR A1l TO Sbsta
1460 FOR B=SubC(NI'i1e(A))+1 TO Subf(N•i1e(AR+1)
1470 Nbcount=Nbcount+1
1480 MOVE X(B,Ind),X(B,Dep)
1490 LABEL "*'
1500 Var=X(B,Ind)
1510 FOR Cal TO Nv
1520 IF (CxDep) OR (C=Ind) THEN 1540
1530 SI(C)=X(B,C)
1540 NEXT C

1550 CALL Build(S1ct,Var,Fx,S1(*))
1560 Variance=Variance+(Fx-X(B,Dep))^3
1570 IF S<)0 THEN 1600
1580 MOVE VarFx
1596 LABEL "0"
1600 NEXT B
1610 NEXT A
1620 IF S00 THEN 1710
1630 LORG 2
1640 MOVE Gxmn+Xtic/3,Gymx-Ytic/3
1650 CSIZE 2.7

% 1660 LDIR 0
1670 LABEL "0 = CALCULATED"
1680 MOVE Gxmn+Xtlc/3,Gwax..3/4*Ytic
1690 LABEL "* = DATA"
1700 GOTO 1040
1710 FOR R=Gxmn TO Gxmx STEP (Gxmx-Gxmn)/50
1720 Var-A
1730 CALL Build(Slct,Var,Fx,S1<*))
1740 IF R=Gxmn THEN MOVE Var,Fx
1750 PLOT Var,Fx
1760 NEXT A

1770 PAUSE
1780 EXIT GRAPHICS
1790 INPUT "ANOTHER LINE5 ",S$
1800 GOSUB Check
1810 IF Check=l THEN 1790
1820 IF UPC$(S$(1,1])="Y" THEN 1120
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1830 GOTO 1850
"1840 PAUSE
1850 INPUT "DO YOU WANT A HARD COPY?",S$
1860 GOSUB Check
1870 IF Check=1 THEN 1850
1880 IF UPC$(S$[1,1])="N" THEN 2050
1890 PRINTER IS 0
1900 PRINT PAGE
1910 DUMP GRAPHICS
1920 Eq$="Fx=a*"&V$(1)
1930 FOR A=2 TO Nt
1940 EqS=Eq$&"+"&CHR(9t9 'R)&"*"&V$(A)
1950 NEXT A
1960 PRINT Eq$
1970 FOR A=1 TO Nt
1980 PRINT CHR$(A+96)&"="&VRL$"Thb(A,Nt+1')

1990 NEXT A
2008 FOR 8-1 TO Term
2010 PRINT LIN(1);M$(A)
2020 NEXT A
2030 PRINT LIN(1);"Goodness-o" fit s ";PROUND(Var iance, t-bcount,-3)
2048 PRINTER IS 16
2050 INPUT "ANOTHER PLOT?",S$
2060 GOSUB Check
2078 IF Check=1 THEN 2850
2080 IF UPC$(S$[1,1I)="Y" THEN 170
2090 PRINT PAGE
2100 GCLEAR
2110 EXIT GRAPHICS
42120 INPUT "ANOTHER REGRESSIONH",S$
2130 GOSUB Check
2140 IF Check=1 THEN 2120

2150 IF UPC$(S$S1,1])="Y" THEN DISP "GZ'JNG TO REGRESSION PROGRAM."
2160 IF UPCS(SS(1,1)="Y" THEN LOAD "R!rRES:T15"
2170 DISP "RETURNING TO MAIN PROGRAM"
2180 LOAD "AUTOST:T15",Restart
2190 I
2200 1 CHECKS YES AND NO RESPONSES
2210 Check: Check=O
2220 PRINT PAGE
2238 IF (UPCS(S$C1,1))="Y") OR (UPCS(S$t1,1])="N') THEN 2270
2240 BEEP
2250 Check=l
2260 PRINT PAGE;"*** IMPROPER RESPONSE - TRY AGAIN -**"
2270 RETURN
2280
2290 I
2300 SUB Build(Slct,Var,Fg,S1(*))
2310 OPTION BASE I1W 2320 CON X(*),V$S*),Ns.ubS(*),Ab(4),IIITEGER Dep,Subf'(,Niub,INobs,t v,tktit,.Mrý.•,,c

2330 ON Sict GOTO BuIlder,AI,A2,A3,A4,AAEAA,A9,A181 A11,A12,A13,A14Alras
6,A17,A18,A19,A20
2340 Builder:!

10 REM -- , PRGGRPM EDIT.4..'

"'.•'20 OPTION BASE I
30 CON X(500,20),VS'.20-CI60J,NsubsŽ20)c110,Abr20,21 ,INTEGEP Dep:,Subf" "-,

.biobs•,Nv,Itt, M$$S208f 150], Term
q 31 REDIM X(580,Nvn

40 Menu: PRINT PAGE,LIth(3);"SELECT ANi EDITOR rUNCTIOIi:"
''4 50 PRINT LIN(IW;" 1) CHANGE AN OBSERVATION."
7.6 G0 PRINT LIN(1.;" 2) CHA'IGE A SET OF OBSERVATIONS."

,34

-R.



70 PRINT LIN(l);" 3) ADD A SUBFILE."
o8 PRINT LIN(1);" 4) ADD AN OBSERVATION."

90 PRINT LIN(1);" 5) DELETE AN OBSERVATION."
100 PRINT LIN(1);" 6) MERGE A DATA FILE."
110 PRINT LIN(1);" 7) QUIT THE EDITOR."
120 INPUT "." ,EP
130 IF (Ef)0) AND (Ef<8) AND (FRACT(EC)=0) THEN 130
140 BEEP
150 PRINT PAGE;"*** IMPROPER RESPONSE *4"

160 WAIT 3000
170 GOTO Menu
180 PRINT PAGE
190 ON Ef GOTO 200,Chgset,Add,Rddo,Delete,Mergc,Ou•t
200
210 INPUT "DO YOU WANT SUBFILE ADDRESSING (0 OR ABSOLUTE ADDRESSING *1-",
220 IF (S=0) OR (S=I) THEN 260
230 BEEP
240 PRINT PAGE;"*** IMPROPER RESPONSE ***"

250 GOTO 210
260 PRINT PAGE
270 IF S=l THEN Absol
280 INPUT "WHICH SUBFILE #?",Sn
290 IF (Sn>0) AND (Sn<=Nsub) AND (FRACTkSn)=O THEN 330
300 BEEP
310 PRINT PAGE;"*** SUBFILE NUMBER NOT DEFINED *'"

320 GOTO 280
330 PRINT PAGE
340 DISP "WHICH OBSERVATION IN SUBFILE ";Nsubt(Snf;
350 INPUT Subn
360 IF (Subn>O) AND (SubnS=Subf(Sn+l I-Subf'kSn)) AND 'FRACTCSubr •=0 THEN 400
370 BEEP
380 PRINT PAGE;"*** SUBFILE OBSERVATION ADDRESS OUT OF RANGE *'

3% GOTO 340
400 PRINT PAGE
410 INPUT "WHICH VARIABLE #",Vn
420 IF (Vn>0) AND (Vn<=Nv> AND (FRACT(Vn>=O) THEN 460
430 BEEP

440 PRINT PAGE;"*** IMPROPER VARIABLE NUMBER *"

450 GOTO 410
460 PRINT PAGE
470 DISP "OLD VALUE = ";X(SubC(Sn)+Subn,Vn);" NEW VALUE"";

480 INPUT '"',A
490 PRINT USING 510;"OBS#:",Subn," IN SUBFILE:",Nsub$ýSn)," OLD VALUE: 'Sku
b¢(Sn.+Subn,Vn)," NEW VALUE:",R
500 X(Subf(Sn)+Subn,Vn)=A
510 IMAGE 5A,4D,13A,5A,12R,SD.5D,12A,5D.SD
520 INPUT "ANOTHER VALUE?",S$
530 GOSUB Check
540 IF Check=l THEN 520

550 IF UPC$(S$C1,1])="Y" THEN 340
560 INPUT "ANOTHER SUBFILE)",S$
570 GOSUB Check
580 IF Check=l THEN 560
590 IF UPC$(S$C1,1J)="Y" THEN 280
600 GOTO Menu
610 Absof: INPUT "WHICH ABSOLUTE OBSERVATION NUMBER•",Ob
620 IF (Ob>0) AND (Ob<=Nobs) AND (FRACT(Ob)=O) THEN 660
630 PRINT PAGE;"*** IMPROPER OBSERVATION NUMBER ***"

640 BEEP
650 GOTO Absol

* , 660 PRINT PAGE
;% 670 INPUT "WHICH VARIABLE NUMBER"",Vn

680 IF (Vn)0) AND (Vn<=Nv) AND (FRACTtVnO=O) THEN 720
690 BEEP
700 PRINT PAGE;"*** IMPROPER VARIABLE NUMBER ***"

710 GOTO 670
720 PRINT PAGE
730 DISP "OLD VALUE ";X(Ob,Vn.;" NEW VALUE
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"740 INPUT A
750 PRINT USING 760;"OBS #:";Ob," OLD VALUE:",X(Ob,Vn)," NEW VALUE: ",A
760 IMAGE 6A,4D,12A,5D.5D,12A,5D.5D
770 X(Ob,Vn)=R
780 INPUT "CHANGE ANOTHER OBSERVATION'",S$
790 GOSUB Check

800 IF Check=l THEN 780
810 IF UPC$(S$C[,1J)="Y" THEN Absol
820 GOTO Menu
830 Chgset: 1 PRINT PAGE
840 INPUT "WHICH SUBFILE # 9 ",Sn
850 IF (Sn>0) AND (Sn<=Nsub) AND (FRACTýSn=O> THEN 890
860 BEEP
870 PRINT PAGE;"***SUBFILE NUMBER NOT DEFINED*--"
580 GOTO 840
890 PRINT PAGE
900 PRINT "WHICH SET OF OBSERVATIONS IN SUBFILE ";N-ub$'Sn,'
910 INPUT Subn
920 IF (Subn>0) AND (Subn<=SubC(Sn+l)-Subf(S'nh) AND FPRACT, Subn =O, THEh ?4
930 BEEP
940 PRINT PAGE;"*4*SUBFILE OBSERVATION ADDRESS OUT OF PANGE-*-"
950 GOTO 900
960 PRINT PAGE
970 PRINT "OLD VALUES FOR OBSERVATION ";Subn
980 PRINT LIN(2)
990 Jj=0
1000 FOR A=1 TO Nv
1010 Jj=Jj+1
1020 IF Jj<=5 THEN GOTO 1050
1030 Jj=1
1040 PRINT USING 1060
1050 PRINT USING 1070;X(Subf(Snn+Subn.A)
1060 IMAGE /

1070 IMAGE #,5X,5D.4D
1080 NEXT A

1081 PRINT LIN(5)
1090 PRINT "ENTER NEW VALUES FOR OBSERVATION ";Subn
1100 PRINT LIN(2)

10 DIM Aa(20)
1120 MAT INPUT Aa
1130 FOR A=I TO Nv
1140 X(SubC(Sn)+SubnA)A=a(AR
1150 NEXT A
1160 INPUT "ANOTHER SET OF OBSEPVATIONS'",SS
1170 GOSUB Check
1180 IF Check=l THEN 1160
1190 IF UPC$(SStl,1])="Y" THEN 900
1200 GOTO Menu
12!0 Add:' PRINT PAGE
1220 IF Nsub+1<=20 THEN 1270
1230 BEEP
1240 DISP "*** MAXIMUM NUMBFR OF SUBFILES EXCEEDED *-"

1250 WAIT 3080
1260 GOTO Menu
1270 INPUT "NUMBER OF OBSERVATIONS IN SUBFILE5 ",1No
1280 IF Nobs+No<=500 THEN 1320
1290 PRINT PRGE;"*** MAXIMUM NUMBER OF OBSERVATIONS EXCEEDED *-"

1300 BEEP
1310 GOTO 1270
1320 PRINT PAGE
1330 Nobs=Nobs+No
1340 Nsub=Nsub+l
1350 INPUT "SUBFILE NAME'l (5 CHARACTERS OR LESS'",N.subt'tIst'b)
1360 Subf(Nsub+l)=Nobs
1370 FOR A=1 TO No
1380 FOR B=1 TO Nv
1390 DISP "OBERVATION # ";A;" VARIABLE # ";B;" IS ":

1400 INPUT X(Noos-No+A,B)
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1410 NEXT B
1420 NEXT A
1430 INPUT "ANOTHER SUBFILEV",S$
1440 GOSUB Check
1450 IF Check=l THEN 1430
1460 IF UPC$(S$[1,I])="Y' THEN 1020
1470 GOTO Menu
1480 Addo:! INPUT "DO YOU WANT TO ADD AN OBSERVATION'?",Ss
1490 IF Nobstl<=500 THEN 1540
1500 BEEP
1510 DISP "*** MAXIMUM NUMBER OF OBSERVATIONS EXCEEDED --- "
1520 WAIT 3000
1530 GOTO Menu
1540 INPUT "DO YOU WANT SUBFILE ADDRESSING (0) OR ABSOLUTE ADDRESSING '1' .. '..
1550 IF (S=O) OR (S5l) THEN 1590
1560 BEEP
1570 PRINT PAGE;"**- IMPROPER RESPONSE ***"
1580 GOTO 1540
1590 PRINT PAGE
1600 IF S=O THEN Suba
1610 INPUT "WHICH ABSOLUTE OBSERVATION NUMBEP7",N
1620 IF (N>0) AND (N<=N1obs) AND (FRACT(N)=O THEtN 16601630 BEEP
1640 PRINT PAGE;"*-* IMPROPER OBSERVAI'ON NUMBER *"

1650 GOTO 1610
166C PRINT PAGE
1670 FOR A-1 TO Nv
1680 FOR B=Nobs TO N STEP -1A 1690 XB+1,A=X(B,FR

1700 NEXT B
1710 NEXT A
1720 FOR A=l TO Nv
1730 DISP "INPUT VARIABLE #";A;" FOR OBSERVATION #";al;
1740 INPUT "",XA>

4 1750 INEXT A
1760 FOR A=1 TO Nsub+1
1770 IF N<=Subf(A) THEN Subf(A)=Subf',A)+1
1780 NEXT A
1790 Nobs=Nobs+1
1800 INPUT "ANOTHER OBSERVATION)",SS
1810 GOSUB Check
1820 IF Check=l THEN 1800
1830 IF UPC$(S$C1,1l])="Y" THEN 1610
1840 GOTO Menu
1850 Suba: INPUT "WHAT SUBFILE # DO YOU WANT TO ADD AN OBSERVATION TO",.Sun
1860 IF (Sun>0) AND (Sun<=Nsub) AND (FRA:T(Sun)=0) THEN 1900
1870 PRINT PAGE;"*** IMPROPER SUEFILE NIUMBER ***"
1880 BEEP
1890 GOTO Suba
1900 PRINT PAGE
1910 INPUT "WHAT OBSERVATION NlUMBER DO YOU WANT TO ADD-",Obnun,
1920 IF Nobs+l<=500 THEN 1960
1930 BEEP
1940 FRINT PAGE;"*** MAXIMUM NIUMBER OF OBSERVATIONS EXCEEDED ***"

1950 GOTO Menu
1960 PRINT PAGE
1970 IF (Obnum>)) AND ' Obnur.i.=Subf' Sun+ I )-Subf (Sun,+ 1, AN4D 'FiACTObr,,.n'..r . "HE
N1 2010
1980 BEEP
1990 PRINT PAGE;"*** IMPROPER OBSERVATION NUrIBCP FOR THIS SUBFILE -- *'

2000 GOTO 1910
2010 PRINT PAGE
2020 FOR R=Nobs TO Subf¼.Sun)+Obnurn STEP -1
2030 FOR B=1 TO Nv
2040 X(R+I,B)=X(A,B)
2050 NEXT B
2060 NEXT A
2070 FOR A=i TO Nv
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2080 DISP "SUBFILE ";Nsub$(Sun);" OBSERVATION ":Obnur;" VARIABLE #"A;: S"

2090 INPUT X(Obnum+Subf(Sun),A)
2100 NEXT A
2110 Nobs=Nobs+l
2120 FOR A=Sun+l TO Nsub+1
2130 SubC(A)=Sub'(A>)+l
2140 NEXT A
2150 INPUT "ANOTHER ADDITION TO THIS SUBFILE'".Ss
2160 GOSUB Check
2170 IF Check=l THEN 2150
2180 IF UPC$(S$([,1)="N" THEN 2200
2190 GOTO 1910
2200 INPUT "ANOTHER ADDITION TO ANOTHER SUBFILE7"',S
2210 GOSUB Check
Ž2220 IF Check=1 THEN 2200
2230 IF UPC$(S$[,1J)=1"Y" THEN Suba
"2240 GOTO Menu

•' 2250 Delete:! INPUT "DO YOU WANT TO DELETE AN OBSERVATiON0",St
2260 INPUT "DO YOU WANT ABSOLUTE ADDRESSING Q0 OR SUEFILE ADDRE'SN11 . ,'.....:
2270 IF (S=0) OR (S=1) THEN 2310
2280 BEEP
2290 PRINT PAGE;"**- IMPROPER RESPONSE --- "

2300 GOTO Delete
2310 PRINT PAGE
2320 IF S=I THEN Subdel
2330 INPUT "ABSOLUTE OBSERVATION NUMBER"',On
2340 IF (On>0) AND (On<=Nobs) AND (FRACT<On)=O) THEN 2380
2350 PRINT PAGE;"*** IMPROPER OBSERVATION NUMBER ***"

2360 BEEP
"2370 GOTO 2330
2380 PRINT PAGE;" OBSERVATION NUMBER ";On
2390 FOR A=I TO Nv
2400 PRINT "VARIABLE #";A;" = ";X(On,A)
2410 NEXT A
2420 INPUT "DELETE'1", S$
2430 GOSUB Check
2440 IF Check=l THEN 2420
2450 IF UPC$(S$tI,I)="N" THEN Abort
2460 FOR A=On TO Nobs
2470 FOR B=1 TO Nv
"2480 X(A,B)=X(A+1,B)
2490 NEXT B
2500 NEXT A
2510 FOR A=1 TO Nsub+1
2520 IF Subt(R)>On THEN Subf(A)=Subf'(A)-l
2530 NEXT A
2540 Nobs=Nobs-1
2550 Abort: INFUT "DELETE ANOTHER OBSERVATION?",S$
2560 GOSUB Check
2570 IF Check=l THEN Abort
2580 IF UPC$(SSI(,I]D="Y" THEN 2330
2590 GOTO Menu
2600 Subdel: INPUT "SUBFILE NUMBER OF DELETED OBSERVATIOIJ,",Sn
2610 IF (Sn>A) AND (Sn<=Nsub) AND (FRACT(Sn)=O) THEN 2650
2620 BEEP
2630 PRINT PAGE;"*** IMPPOPER SUBFILE NUMBER -**"
2640 GOTO Subdel
2650 PRINT PAGE
2660 INPUT "OBSERVATION NUMBER IN SUBFILE"',On
2670 IF kOn>O) AND (On(=SubC^(Sn+l-Subf(Sn,) AND (FRACTkOn=O.) THENf 2710
2680 BEEP
2690 PRINT PAGE;"*** IMPROPER OBSERVATION NUMBER FOR THIS SUBFILE **-"
2700 GOTO 2660
2710 PRINT PAGE;"SUBFILE: ";Nsub$(Sn);" OBSERVATION # ";On
2720 FOR R=1 TO Nv
2730 PRINT "VARIABLE # ";A;" IS ";X'.*.On+Subf -.Sn•,A)
2740 iiE 'T c
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2750 INPUT "DELETE?",S$
2760 GOSUB Check
2770 IF Check=l THEN 2750
2780 IF UPC$(S$1I,Il)="N" THEN Obor
2790 FOR A=SubC(Sn)+On TO Nobs
2800 FOR B=l TO Nv
2810 X(A,B)=X(A+I,B)
2820 NEXT B
2830 NEXT A
2840 FOR A=l TO Nsub+l
2850 IF Subf(R)>SubC(Sn)+On THEN SubC(A)=SubC(A)-1
2860 NEXT A
2870 Nobs=Nobs-1

2880 Obor: INPUT "ANOTHER DELETION FROM THIS SUBFILE"'.S$
2890 GOSUB Check
2900 IF Check=l THEN Obor
2910 IF UPC$(S$(1,l1)="Y" THEN 2660
2920 INPUT "ANOTHER DELETION FROM ANOTHZR SUBFILE"',S$
2930 GOSUB Check
2940 IF Check=1 THEN 2920
2950 IF UPC$(S$(1,1D)="Y" THEN Subdel
2960 GOTO Menu
2970 Merge: INPUT "FILE NAME?",Filn$
2980 ON ERROR GOTO Undefined
2990 ASSIGN #1 TO Filn$
3000 READ #1;Nv2,Nobs2,Nsub2
3010 IF Nobs2+Nobsc=500 THEN 3060
3020 BEEP
3030 DISP "*** MAXIMUM NUMBER OF OBSERVATIONS EXCEEDED *=*"

3040 WAIT 2000
3050 GOTO Menu
3060 IF Nsub2+Nsub<=20 THEN 3110
3070 BEEP
3080 DISP "*** MAXIMUM NUMBER Or SUBFILES EXCEEDED *4*"

3090 WAIT 2000
3100 GOTO Menu
3110 IF Nv2=Nv THEN 3160
3120 BEEP
3130 DISP "*** VARIABLE NUMBER MISMATCH BETWEEN MERGED FILES **"

3140 WAIT 2000
3150 GOTO Menu
3160 FOR Awl TO Nsub2
3170 READ #1;Nsub$(A+Nsub)
3180 NEXT A
3190 READ #1;A
3200 FOR A=2 TO Nsub2+1
3210 READ #1;SubC(A+Nsub)
3220 SubC(A+Nsub)Subf(A+Ntsub)+SubC(Nlsub+l)
3230 NEXT A
3240 FOR A=l TO Nobs2
3250 FOR B=1 TO 20
3260 READ #I;X(A+Nobs,B)
3270 NEXT B
3280 NEXT A
3290 Nsub=Nsub+Nsub2
3300 Nobs=Nobs+Nobs2
3310 OFF ERROR
3320 GOTO Menu
3330 Undefined: IF ERRN=56 THEN 3380
3340 BEEP
3350 DISP ERRM$
3360 PAUSE
3370 GOTO Menu
3380 BEEP
3390 PRINT PAGE;"*** FILENAME IS UNDEFINED ***"
3400 GOTO Merge
3410 Quit: !
3420 PRINT PAGE
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3430 DISP "RETURNING TO MAIN PROGRAM"
3440 LOAD "AUTOST",Restart
3450 1
3460 ! CHECKS YES AND NO RESPONSES3470 Check: Check=0

3480 PRINT PAGE
3490 IF (UPC$(S$[1, 1])="Y') OR UPC$(S$[1,13)=l"t', THEN 3530
3500 BEEP
3510 PRINT PAGE;"*** IMPROPER RESPONSE -TRY AGIN
3520 Check=l
3530 RETURN
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APPENDIX B: HEWLETT-PACKARD USERS MANUALS

Advanced Programming ROM Manual. Hewlett Packard Co., Part No.

09845-92065, Feb. 1980, 108 p.

BASIC Language Interfacing Concepts. Hewlett Packard Co., Part No.

09835-90600, Sept. 1979, 189 p.

Graphics ROM Manual. Hewlett Packard Co., Part No. 09845-91050, May 1979,

203 p.

I/O ROM Manual. Hewlett Packard Co., Part No. 09845-92060, Aug. 1980,

192 p.

Mass Storage ROM Manual. Hewlett Packard Co., Part No. 09845-92070, Feb.

1980, 132 p.

'•I System 45 Operating and Programming Manual. Hewlett Packard Co., Part No.

09845-92000, Feb. 1980, 302 p.
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